terenkov Ring Imaging Detector (CRID) will provide almost complete particle identification over > 90% of the solid angle. In particular, 7r/K/P separation will be possible up to about 30 GeV/c. Good e/7r separation is also provided up to 5 GeV/c.
design aspects of a new engineering prototype, currently under constructionr, are discussed and recent R&D results relevant to this effort are reported.
2. INTRODUCTION The SLD was designed to be a state-of-the-art detector to fully exploit the physics potential of the SLAC Linear Collider (SLC). 1 Particle identification is crucial to this objective. The terenkov Ring Imaging Detector (CRID) will provide almost complete particle identification over > 90% of the solid angle. In particular, 7r/K/P separation will be possible up to about 30 GeV/c. Good e/7r separation is also provided up to 5 GeV/c.
Above this momentum the SLD calorimetry becomes effective at e/7r separation.
Within the CRID (Fig. 1) , UV terenkov photons, generated by the passage of charged tracks through both liquid and gaseous radiators, are directed onto the fused silica windows of the drift boxes. These photons produce electrons by ionization of a photo-sensitive vapor within the drift boxes. After drifting, the photo-electrons are detected by a proportional wire plane. Charge division along the sense wires Fig Tetrakis dimethylamino ethylene (TMAE) is the photosensitive vapor used within our drift boxes. Because of its very low ionization energy (5.36 eV), it has a good photoionization quantum efficiency in the 6 -7 eV region. However, contamination in the TMAE, generated in the manufacturing process and from subsequent oxidation, impairs the CRID operation both by absorbing the UV photons and by capturing the drifting electrons. In Section 4 we describe our procedure for cleaning the TMAE and measuring its purity.
The current stage of our research and development program involves the construction of a barrel prototype whose design, materials and construction techniques will be as similar as possible to that proposed for the SLD CRID barrel. Successful construction and operation of this prototype pose a number of challenges in the areas of high voltage, materials, and monitoring. Section 5 of this report describes the recent technical progress in these issues.
3. THE PHYSICS PROTOTYPE 3.1 Construction
The "Physics Prototype" incorporates the essential features of the SLD design (described in more detail in Section 2)-liquid and gaseous radiators, spherical mirrors, a photosensitive drift box with its associated proportional wire chamber and operation above room temperature. In February 1986, data were taken with a 11 GeV/c hadron beam mainly consisting of pions with a small kaon and proton component. Beamline Cerenkov counters were used to identify the beam particle. Figure 4 (a) shows an accumulation of 1500 pion gas radiator rings projected onto the mirror focal plane. Figure 4 (b) shows the same plot using the depth information. The radial distributions of these electrons, shown in Figs. 5(a) and 5(b) , clearly demonstrate the improvement in resolution obtained using the charge division technique. A similar improvement was also observed for the liquid ring. The distribution of the number of photoelectrons contributing to each pion gas ring is shown in Fig. 6 . It is well fit by a Poisson distribution with a mean of 8.6 . Correcting for the incomplete coverage of the gas ring, the known losses due to the electron lifetime and the photoconversion depth gives Fitted ring radii for the kaon and pion events. DMA is a strong absorber of UV photons, while TMO and TMU have high electron capture cross sections relative to oxygen. Removal of these impurities is essential for good UV photon detection. We have therefore adopted some of the techniques developed by Holroyd and collaborators:10 i.e., TMAE is (1) washed in deionized water, then (2) dried on molecular sieves, (3) filtered through silica gel, and (4) 
where A is the inverse absorption length at temperature T, /to its value at 300K, Lo the latent heat of vaporization and R the gas constant. Figure 9 is a plot of the data at 1800A Table II. We find the slope parameters to be independent of wavelength, as expected for a pure sample.
The absorption lengths were found to be independent of flow rate through the TMAE bubbler, up to the maximum flow rate examined (42 f/hr). necessary fluid systems. Various systematic studies connected with this prototype system are now described.
Gas Radiator Considerations
The chosen gaseous radiator is perfluoro-n-pentane 13 (C5F12) at atmospheric pressure. It has a higher refractive index (n = 1.0017 at m: 2000A ) and better UV transmission than isobutane. It also has the additional advantages of high dielectric rigidity and non-flammability. Unfortunately C5F12 is very electro-negative, which requires the drift boxes, which are surrounded by C0F12, to be very leak tight. The C5F12 boiling point of 29°C at atmospheric pressure also requires operating the CRID at -400C.
In order to keep the concentration of C5F12 within the drift boxes below the required 10-7, we have adopted the doublewall drift box construction shown in Fig. 11 . In this design, the volume between the inner and outer walls is purged at high flowrate. We estimate that the combination of the double walls and the purge action will reduce the C5F12 leaks into the drift boxes to acceptable levels.
A parallel issue affected by the choice of C5F12 as the radiator gas is the high voltage stability against breakdown. For a nominal drift field of 400 V/cm the maximum potential will be about 55 kV. The concept of our high voltage design is 0-86 Fig. 11 . Double wall drift box.
shown in Figs. 10(a) and 10(b) thermal expansion coefficient =-0.1 x 10-6/0C, and electrical resistivity = 1.5 x 10-3 Qcm. 14 We have measured the resistance over a length of 12 cm to be 48.9 kfl (average) with an rms of 5.6 kQl for a sample of 100 fibers. However, for each individual fiber, the resistivity is very uniform (within 3% ) over a length of 25 cm. The fiber breaking tension was measured to be 12.3 g (average) with rms 2.1 g.
We have found an anti-correlation between the fiber breaking tension and the electrical resistance. This is consistent with the fluctuations in the breaking tension and resistance being due to variations in the diameters (approximately 5%).
The elongation of fibers has been measured to be 1 mm over a length of 10 cm, when a tension of 10 g was applied. We have found the "elastic curve" very linear and reproducible over many cycles, for a tension below 10 g. Our electrostatic calculations show that a very small tension (< 2 g) is needed to maintain the stability of anode wires in the CRID geometry. Hence, stretching the fibers at a tension of 5-7 g seems safe, both in terms of the mechanical strength and electrical stability.
Methods of establishing electrical contact between the fiber anodes and the chamber readout are under study. In our physics prototype we soldered nickel-coated fibers onto a PC board frame and then removed the nickel coating with nitric acid. While this method allows a stable electric contact, it is not suitable for mass production; also replacement of wires in an operational detector would be awkward. A more practical method is to use conductive silver epoxy on uncoated carbon fibers. Various brands of conductive epoxies are under study.
The H20E epoxy15 is a promising candidate. When the contact joint is covered with ordinary insulating epoxy, the contact resistivity of the fiber remains stable for a least one month. Longer term stability tests are under way.
We have also investigated the aging properties of these fibers in TMAE saturated gases; these results are reported in another paper at this conference. 16 5.3 Monitoring of the Fluid System
We have developed17 a simple and inexpensive sonar based instrument which allows us to measure the concentration of -.--individual gases in gas mixtures. We will use it to continuously check the methane/ethane drift box gas mixture and to monitor the gas mixture within the gaseous radiator enclosure when the nitrogen purge gas is being replaced wvith C5F12, or vice versa. Figure 12 is a general view of the prototype sonar gas analyser. The main component is ani 8 cm diameter, 90 cm long cylinder (maintained at a known fixed temperature) containing two ultrasonic transducers. 8 At approximately one second intervals pulses of 45 kHz sound are transmitted through the gas mixture to be detected at the receiving transducer. The speed of sound is obtained from the time delay between the transmitted and received pulses. For these measurements the relative concentrations of the two components were determined by mass flow controllers and independently checked by GC analysis.
Figures 13(a) and 13(b) show the variation in the measured sound velocity as a function of the relative concentrations of 
